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(54)*wo)«»: s^rts;^ 

(57) Abstract: To enclose a Lewis-acid metal in a polymer and enable the resultant Lewis-acid metal catalyst to be recovered while 
maintaining the function of the catalyst. The polymer-enclosed Lewis-acid metal catalyst comprises a crosslinked polymer and 
a Lewis-acid metal enclosed therein, and the crosslinked polymer is one obtained from a crosslinkable polymer by crosslinking 
crosslinking groups contained in the polymer. The catalyst is characterized in that the crosslinkable polymer has at least one kind of 
monomer units having a hydrophobic substituent and a hydrophilic substituent having a crosslinking group and that the hydrophobic 
substituent comprises an aromatic substituent. This catalyst can be obtained by mixing an organic solution containing the crosslink- 
able polymer and a Lewis-acid metal with a poor solvent and subjecting the resultant polymer micells containing the Lewis-acid 
metal enclosed therein to a crosslinking reaction. This catalyst is useful as a catalyst for aldol reaction, cyanation reaction, allylation 
reaction, Michael reaction, Mannich reaction, Diels-Alder reaction, or Friedel- Crafts reaction. 
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m m m 

[0001] ^mmn, ^>^^mm(D/^^m^mm^mmm'i±(Dm^^\^M 

[0002] ^mtm-^—fDm^-m^n^tKD^m^m^ te&m&n* numzmMiM 
&u£mm*^i&Ti-%te¥(D? a m&^xv^ 0 

w^p^m^v^-^m^-^^x^mt^m%t^xm^^mw^^ 

m&m & mmxh^mwxmi, #02002-267798)0 

Bittern ^xmzm&m^mxfo&m^znx^^K uw-tx^xummwA 
^mmt$thx\s ^tc 0 ^Mttcot ^xh-t^m^n<h(Dxnm^fcmn 

[0003] m^JCMkl : #^2002-66330 
#f^K2 : #P?fl2002-253972 

^#fF^S^l:S. Kobayashi, S. Nagayama, J. Am. Chem. Soc, 120, 2985-2986 
(1998) 

^#fF3tt£2:S. Kobayashi, R. Akiyama, Angew. Chem., Int. Ed., 41, 2602-2604 
(2002) 
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[0004] ^mm^-hi^ mzm7k&<om&M&^i-zmfrtt&m? i 7x*'--&ft&£& 
[0005] ^Bmm^h^m^m^f^y^-mm^m^^tcm^mwnxm, 2m 

m^mt^± 0 ^fcmm^^-r^kxvu^m^m^wc^ntcmm^mfi: 

[0006] sp^ *mmn, ^^m^m^mmm^i^n^x^v, mmmmft^fr 
^m^^^^n^mm&^m^xf£^m^^^4^m^mmmx 
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[0007] «BJ#bfi/W^m^JS^, ^r/W^^-E-fcO^ 

o 

[0008] *HPjW/H^i^IttMY X*m£tlZZ.t&&~£V\,\ 

n 

MfiCu (2ft) N Zn (2ft) x Fe (2Xfi3ft) , Sc (3ft) X^^^Z-TFtc^ ( 57 La- 
71 Lu) (3ft) , 0*b<ftScXttCuS:*-t"o 
n^MO^ft^tB^-f-SS^Tfc^, 2Xii3^to 

Yte^P^VjJ^, OAc, OCOCF , CIO N SbF % PF XttOSO CF (OTf) , 

3 4 6 6 2 3 
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[0009] ^(Dmm^m^ii, m^wMmRxfmmm^'r^m.^mu&^-r^ 

[ooio] ^#^mi^lt, ri;— /vMt/r^/H^^if^^o 

fctfoia^ Mx-f^^vvi^ y^^/v^u^/vm, y^—sv^ 

l£L< 1 — 2f@«&l/CV ^Tfc «fc V \ 

[ooii] mm^^-r^m^m^^n, M©^^ia©tfcou, 
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mtei&^<fe^*i/m, %;v^i/;vm, ^y^r^—vm, j^^ixjto^ 
xiift^r^-M©^, yy-yr^— h&b7km^ yyyy^— hS^r^/ 

[0012] mbotf-c, ^usiLt, ^^v-»^£a*tt«K;Ru^^^^ 

^SO^^UTf*. ^Itl^6©T/^^y& -(CH ) (OCH CHR 5 ) ( 

2 n 2 m 

CH ) (OCH C = 0) XJ*(CH ) (COCH ) -(^H 3 , R 5 n7KBW^Xn^^ 

2n 2 m 2n 2m 

[0013] — ^\ ^ffii^^«-tL^»ms^^5%©-efctL^v^^5t©-efeoTt 
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[0014] ifefc, 0*LV^fiH4jl5^fi % ^W^^y-^-S.t^TfH-^abl) 
R 1 -CH=C— R 3 -R 4 

— /l^Sr^U R 3 «^J^#C1— 6CDT/^^^S, -(CH ) (OCH CHR 5 ) (CH 

2 n 2 m 2 

) (och c=o) xtt(cH ) (coch ) -(3:4b R 5 n7kmw^xny^^& 

n 2 m 2 n 2 m 
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hfriz>m'fr^-x&z> 0 

>\ a -^^/V^l/V, o-^f/Wf^y, m-^7^^l/^ N p-^^VW^I/V#^ 

o 

[0015] ^(D^m^&^-r^m^tvx, mx-t£. tie 

unit 1 unit 2 unit 3 

[ooi6] ^-^^h2^.tj?3^^j-^-r5t^/^y^— ^Tis^^-r^rtL^ttcD^No^v^n; 
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X "^^f^X" 



[0017] ^(D^^mm^M^t/^^m^mt^^mm^m^xn^m^tcmm^ 

•So 

[0018] ^|40^IKtbTfiTHF N $WrlJ->\ Ti?h^, DMF, NMP&£?^&^ #fl 

^^^(D^fittffi^(7)^SttMV^^^J:oTt>m^S^ N jft 1-100 g/L 
/W*Bft&JS0>4!-a*tt:l— 100 mmol/LSS-CfcSo ^^^*f~T5^ 
^cD*fiffl^0.1 — lO(v/v),0*b<fiO.5— 5(v/v)@S"CfcSo 

[0019] r»J:5^^(D^fi®«^^^^«|g-r5r^^s^5 o 
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[0020] mffiM&$&m£'&z>V£<Dm.mn. m^/^^wt^wt^m^^vmmmM-v 
mt-i-zm&n. 3iS5o~i6o°c, $f^u<«6o-i4o c c, xw^v<nso— 120 

/K WitiVny^, =^^m, >f)V??vWL, Ti?t:°>m, ^V^Wt, ^W^H, 7-^ 

i^ii, =t^?m, y^p/vm, tw^wl, t°^j>m, y-^/^m^^v 

fjiiiVnyl, =t^&, ^v^/ni, r^tv^, t^y^n, •vw^Bfc, ^^m- 
[0021] ^msj^(7)S^'I4> ^y-^-cD^*> s^^^iaot^ 
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[0022] K^lAt^mtLX, ^/^% = lk^mB mm (network) %^%m^WktVfcV, =■ 
[0023] r(Dj:5t-bT#^^fc«M^M^^y-^-^-fe/P«#<(D^?L^bT*3'9, 

&^tmnbtiX\^i/TMkRfc. TVMtRfc. vy^tSJ£> x 

[0024] mMm^x^mm^mu^^mM^m j Mi-^t^Mm-i-^<Dxn 

JEOL-LA300, JEOL-LA400XttJEOL-LA500 ( 0 (tfc) , IR^^h/V : 

JASCO FT/IR-610 ( 0 (W) M) o 

2--7^^jVy°u^y (22.4 g, 190 mrnol), N-^n^v^v-W^K (23.7 g, 133 mmol) 
^.t>Vn^e^<^irV(76 mL)<£>M£^&160 °C cD^/W^_h-CN-:/n^e;^>W 

^Kds^-f s*tf^pf»b^io m^u^m^m^xnnu-zM, tfcmm&^mxm 

<9®i%?uu*^J*Xffi>lfrVtc 0 ^m^UJ±B^XmM(b.p. 80-85 °C / 3 mmHg)L 
3-^n^-2-7^^/^°n^V(12.1 g)£r#/c Q : H NMR (CDC1 ) 5 = 4.39 (s, 2H), 

3 

5.49 (s, 1H), 5.56 (s, 1H), 7.33-7.51 (m, 5H); 13 C NMR (CDC1 ) 5 = 34.2, 117.2, 

3 

126.1, 128.3, 128.5, 137.6, 144.2. 
[0025] 60%zkiSf^^-by^A (1.6 g, 40 mmol) CO DMF (75 mL) MMWH^V^V—/^ (7.4 
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g, 100 mmol)(7)DMF(5 mLMW^OX^XlJUx.fc. _h|B-C#fett^:3-^n^E-2-7 
^/K7°n-^(3.94 g, 20 mmol)(DDMF(10 mL )Wfc%¥?MM^M7t'fcM, MUX 
24 hJi#Lfc 0 S^^^O^^L^^^ "rsVX^W^KM, mum. 

->y^7^/^^A^n^b^^^^— (Hexane-AcOEt)XmUV2-[(2-^^=-/UTV7^ 
^>)^M^-^y^(2.66 g, 70 %)£r#fc 0 X H NMR (CDC1 ) 5 = 2.59 (dd, 1H, J = 

3 

2.7, 5.1 Hz), 2.78 (dd, 1H, J = 4.2, 5.1 Hz), 3.13-3.17 (m, 1H), 3.46 (dd, 1H, J = 

5.8, 11.5 Hz), 3.77 (dd, 1H, J = 3.2, 11.5 Hz), 4.41 (ddd, 1H, J = 0.7, 1.2, 12.9 
Hz), 4.48 (ddd, 1H, J = 0.5, 1.2, 12.9 Hz), 5.34-5.36 (m, 1H), 5.53-5.54 (m, 1H), 
7.45-7.48 (m, 5H); 13 C NMR (CDC1 ) 5 = 44.3, 50.8, 70.5, 73.2, 114.6, 126.0, 

3 

127.8, 128.4, 138.6, 143.9; IR (KBr) 3000, 2924, 2867, 1911, 1812, 1701, 1630, 
1512, 1479, 1407, 1337, 1254, 1205, 1107, 991, 909, 839 cm" 1 ; HRMS (EI): Calcd 
for C H O (M + ) 190.0994, found 190.0998. 

13 16 2 

[0026] ^^(12.5 g, 120 mmol) , _hfB"C# htltc2-[(2-^^/VT])/V^iy)pi^U] 
5t3rz/^7l/ (2.85 g, 15 mmol) ^ tetraethleneglycol mono-2-phenyl-2-propenyl ether ( 
4.66 g, 15 mmol) N AIBN (172.4 mg, 1.05 mmol) (19 mL) \zMM^T/V 

^vtHMT-e48^ra, mmm^Txnmmw^tc. 0 ^m^R^n^m^?/- 

MMeOH)(600 mL) cp fc&l v-CJtfy^— £@te£itrfc„ f^Y^X^M^W^ 

^mrnvmBM^Tx^mu 12.0 g cD^°y^-^#^(W6o %) D 

[0027] mbtlfzMft+nTsZm&XfoV, &^/^-m&(Dmmtt(x/y/z)=9l/5/4, m. 

fi¥^5>^S(Mw)=31912,^^^^^-ft(Mn)=19468,5>t^it(Mw/Mri)=1.64^fco 

fc c ^bfc^y^-^T^°y^-(i)^v^5o 
urn 
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mmm 1 

[0028] m-^— (1) (2. Og) ^mM\^tz.V;V^mW. (40mL) |!litW^AMJ75 
— h(200mg, 0. 406mmol)^P;il55>if#L/c o ^(D^^^^^>-(160mL) 

i±^rsr^-e^^@^b^^^Ahy^7-h%efe@f*i:LTt#fc(2. lg 
, 0. 195mmol/g) 0 ^^^MJ"^— h©n— K*f^ ^J^^MUh^T 

mmm 2 

[0029] mMMl^^fc^^^m^h^^^^h ] Jyv--h(103rng, 0. 020mmol) ^ 
^ta-e^^XT/^tK(42mg, 0. 40mmol) ©^Pn^^ygi (1 . 5mL)^B 

mL)SrMTU3^W^LfCo JxJ&#> ^f->-(5mL) ^P^L«i§U SS^B^ 

TTl^S^/ / THF^(l/'20 ) 5mL)^P;ilB#55jf#Uc 0 ^®*^(- 

Kb, /W^P^efe@^iLT#fc(69mg, 83%) c 0iKLfcr« 

^H^bftfeJKttW^MSrfTofeo @^©WWTroi9o 20 g (83%) N 3 
01 (84%) x 40 g (83%), 50 g (81%) o 
'H-NMRCCDCl ): 5 

3 

l.ll(s,3H),1.14(s,3H),3.09(br,lH),3.72(s,3H),4.89(br,lH),7.24?7.33(m,5H) 
13 C-NMR(CDC1 ): 5 19.0,23.0,47.7,52.1,78.7,127.7,127.8,140.0,178.2 

3 

mmm 3 

[0030] /Ky^— (1) (0.5 g )^DD^y(l0 ml) Z:Z.\ZhV7/l'&v*?>'X 
/V/J>^^HI(36 mg) £jR;^&T^T12B#F«#^f ofc G ifeVv?, ffi^^i- 
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Mt#T, 120 < CteT2l$rajfc# i U5: o iS^^&^m^tf^bfc&fc^nn;** 
T^Uc^^ ^HSv>f^n*^/Hliiftl!l{PI Cu(OTf) , 419 mg} Sr#fc„ 

2 

$Ji&JR<Z>9*A4Sf2> PI Cu(OTf) ^M«^P^180°C^T1B#^ N ?l«£JP;i£ 

2 

[0031] ^M3-e#fcMM-^^n^7°ir7Wt:l^^(0.03 mmol) #?£T\ 'O'XT/W 
•7^(0.03 ml, 0.3 mmol) SSSt^^Vl- ft ^CO^^i/U/WTir^— /H80 mg, 
0.45 mmol) |r^nn^y(2 ml) tpfcT^U ^S.T2 0 HHif #^Tofc Q #rfX 

ttiifc, MtJi^ll^, fi&fp^ife^-e^b^©*,, S£*!iU£flgbfc 0 v-y^^vv 

»Jl^n^h^:7^~^J;oTfS»?TV\ g ft£-T5T/VK— /W^P#:(38 mg, 
6 l%)Sr 6 IH f*ibT#/c Q 
HUKbfcPI Cu(OTf) 30#^Mff$t^b/c^, WJfflbfc. 

2 

H^FiJ 5 

[0032] MMM2<D^^yU/VT±^M^iX^Xm^^^B^/9^-h^m^XmW(D 

Wb5] 




(1.3eq.) 



[0033] DM 
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entry 



R 2 R 3 R 4 yieW (%) i entry 



R 2 R 3 R 4 yield (%) 



-!- 



Me OMe 83 \ 9 





CI 




Me 



•CP* 




H Me 



80 



Me OMe 90 



Me OMe 93 



Me Me OMe 93 



OMe 70 



Me Me OMe 75 



OMe 93 



Me OMe 85 



10 



11 



12 




H H SEt 




Me H 



83 



75 



Et <48/52)*> 




•o* 



H -(CH2) 4 - 



H Ph 



65 



14 



15 





(42/5S) 3 ) 



70 
(58/42)*) 



Me H Ph 32 



H Ph 65 



a) syn t anti 

HJfe^ll 6 

[0034] »Ml-CfflV^h/Vm^THF— *y-Xl/3) fctt%.Xm&Mlbmm<DR 
iS^fV\ S^H^b^^^by^^— MPMI Sc(OTf) )^fi-fe@f*tbT# 

3 

fc(2. lg, 0. 186mmol/g) 0 

mmm 7 

[0035] HJEM6-T?#fcPMI Sc(OTf) Srfflvvt, HW^^^^cD^^fTV \ g W<D7^ 

3 

^#^n^#fc(76m g> 92%) 0 HU&bfcPMI Sc(OTf) SrffiV^TI^^<OHIfeSr 

3 

fTV\ |W|C£^£f#/c(76mg N 92%) 0 V vf^©^^ S^^S^i^IHl: 
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Wb6] 

OH O 




OSiMe 3 




PMI Sc (5 mol %) H + 




DCM, it. 3 h 

(1.3 eq.) 92% yield 

MMm 8 

[oo36] it«7©M, ^ii^^m^ufcPMi sc(oTf) ^m^xmmm7tmm<DR 

3 

JC&Sr^V\ IHC^#>^#fc(76m g> 92%) 0 V^tt^-S^ SJ^^^WI^S 
H^^jo ttSSc(D« ffi teICP##f ffi RBI?- (0 . 0 5 %) T"?fco fc 0 

»fe^J 9 

[0037] ^^XT/^tK^ft^TN-^^y^VT^y^SrffiV^T, ^;BfeM7i:l3USI<£>#» 
Wb7] 

Ph. 

NPh OSiMe 3 

PMI Sc(5 mol % ) fT "**r X 'OMe 
DCM, rt, 3 h 

(13eq.) 

HJfeFll 10 

[0038] MMW9hm&(DBif&&* PMI Sc(OTf) £rl0 mol%fflV>Tffofc^r6 @ ^^^J 

3 

m^ibtifc 0 RfoWmMl^V^i&lsfcPMl Sc(OTf) SrfflV^TIIIC^Sr 

3 
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+ 



OSiMe 3 
"OMe 
1.3 eq 




PMI Sc(OTf) 3 
(10 mol %) 

DCM,rt,3h 




NH O 



Ota- 6 

yield : quant(l st) 
quant(2 nd) 



mw\ ii 

[0039] HJjfeM6T#bnfcPMI Sc(OTf) ^ffl V ^Tmethyl 

3 

2,3-dihydro-l-oxo-lH-indene-2-carboxylate<^but-3-en-2-one(2^m)<^(Z)-^'l'^" 
\M2\ 




PMI Sc(OTf)3 
solvent, rt 



u u 
I COzMe || 



entry 


PMI Sc(OTf) 3 
(mol%) 


solvent 


time 
(h) 


yield(%) 
1st 2nd 


3rd 


1 


10 


MeCN 


2 


96 


95 


95 


2 


5 


MeCN 


4 


92 


94 


92 


3 


10 


toluene 


4 


quant 


96 


98 


4 


10 


DCM 


12 


92 


92 


91 



MMW 12 

[«3] 
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donor 


+ acceptor 
(2.0 eq) 


PMI Sc(OTf) 3 
(5 mol%) 
+- product 

MeCN, rt 


donor 


acceptor 


product h yiekJ(%) dr 




o 


° CO Et ° 

4 94 - 


o 


O 


o o 

f! js !P V !r ^ Y ^ v x 1 k 9 92 - 

kj Jo* 


O 


o 

Y 

o 


0 

| C0 2 Me 

Cjl^-o 6 " 66/34 


o 


0 

■I 


o 

I C0 2 Me 

^Y^k^Y- 6 ^ uant 60/40 


o 


o 


? C0 2 Me 

f^Yjy^Y™ 6 quant 56/45 


or 


o 





WO 2005/084802 



18 



PCT/JP2005/003949 



WO 2005/084802 



PCT/JP2005/003949 



[8] Wm^tf*i<'&k<DBLJ&mTbK 7K^S, T^/m, ft-^MW^^^/H^ 

[9] mmmmi^m^^K rm-m^ati) 

R 1 -CH=C— R 3 -R 4 

R^TR^J^x^ltifci-ecDT/^/^^U r^tR^^n 

/l^rl/ >^S, -(CH ) (OCH CHR 5 ) (CH ) (OCH C = 0) X»(CH ) (CO 

2 n 2 m 2n 2 m 2n 

CH ) R 5 «7KHi^^X«^^^S^b, n&tfm^^jft^&fcl — 

2 m 

TIB— *9!5S(fcl) 
R 1 -CH=C— R 3 -R 4 

[io] mmmm^m^t^^m^mt^^mmmt.nmmt^m^vxwhn 

[11] t&|E/W*B&&JR#SMY MteCu, Zn, Fe, Sc N Xfi^^/^KTU^^b 

n 

, Ytt/NU^rVj^^-, OAc, OCOCF , CIO , SbF , PF XfeOSO CF Sr^U n 

3 4 6 6 2 3 
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[12] t/vf— /vs^> ^ry^SiS, ry/WbSJ£> ^^SiS, ^v^tsjs. 
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